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Abstract. This research aims to analyze (1) the effect of the PBL multimedia and picture media on critical-thinking skills, (2) the effect of learning motivation on critical-thinking skills, (3) the effect of learning styles on critical-thinking skills, and (4) the interaction between learning media, motivation learning, and learning styles on critical-thinking skills. This research is a quasi-experiment with the 2x2x2 factorial design. This research was conducted in 10 public elementary schools in Surakarta, Indonesia. The sample consisted of 292 students selected using the stratified cluster random sampling technique. The instruments used included an open essay test, a learning motivation questionnaire, and a learning style questionnaire. The research prerequisite tests include normality, homogeneity, and balance tests. The hypothesis was tested using three-way Anova. It was found that there were significant differences in the hypothesis and the post-hoc tests with a comparison of the average critical-thinking skills between the experimental classes. It is concluded that: (1) the PBL multimedia and picture media has no effect; (2) the learning motivation has an effect; (3) learning styles have an effect; and (4) there is no interaction between learning media, motivation learning, and learning styles on critical-thinking skills. 
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INTRODUCTION The life in the 21st century requires various skills to be mastered in order to become successful in one’s career in the future. The Indonesian Ministry of Education and Culture applies the 2013 curriculum with 2017 revision, which emphasizes the 21st-century skills development explicitly (Dewantara, 2020). One of the 21st-century skills that is very important for students is critical-thinking skills (Jones & Pimdee, 2017; Fajari et al., 2020). This is supported by the results of a survey of 144 workers by the National Association of Colleges and Employers, concluding that critical-thinking skills are the essential skills that workers need most (Changwong et al., 2018). This is also in line with Kraisuth & Panjakajornsak (2017), who suggest that critical-thinking skills are essential to prepare for further studies and careers because the skills can develop creativity, improve ways of solving problems, and help improve time management (Karakoc, 2016).  Ennis (1997) expresses his opinion on critical-thinking skills, which means reasoning and reflective thinking about facts accompanied by an emphasis in making decisions about which one should be trusted and which should not. Critical thinking is a form of manipulation or transformation of knowledge representation to solve a problem well and rely on intellectual standards in the form of clarity, relevance, adequacy, and coherence (Halpern, 2003; Fisher, 2008).  Furthermore, critical thinking can be defined as a systematic process that allows a person to evaluate the evidence, assumptions, and logics that underlie his/her own opinions and those of others with the aim of deep understanding that affects life in the future (Facione, 2015; Johnson, 2011). 
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Paul & Elder (2008) defines a critical thinker as someone who can raise vital problems to be discussed, formulate hypotheses clearly, collect and assess information carefully, interpret ideas effectively, draw reasonable conclusions or solutions, test criteria and standards, think openly, and communicate with others effectively. The indicators of critical-thinking skills according to Facione (2015) include interpretation, analysis, evaluation, inference, explanation, and self-regulation.  The problem that arises is the student still have low critical-thinking skills. Several researches in the world show the results of surveys of critical-thinking skills of students who are at a low level, including the research of Massa (2014) in Italy, Sarigoz (2012) in Turkey, Manshaee 
et al. (2014) in Iran, and Ploysangwal (2018) in Thailand. Furthermore, some studies evidence that the critical-thinking skills of Indonesian students at all levels of education are still relatively low, such as the studies of Fuad et al. (2017), Marlina et al. (2016), Setiawati & Corebima (2017), Mahanal et al. (2016), Asyari et al. (2016), and Fajari et al. (2020). Based on the results of preliminary research observations in several elementary schools, it is obtained that students have difficulties answering questions that require the analysis process as shown from the answers of students who are still using the process of remembering by opening their notes on previous learning. In addition, students cannot answer questions in the form of descriptions that demand their critical answers and lead to students' perceptions about a problem in daily life. Most students neither do the questions nor try to ask their teacher or friends how to solve problems, and they have not been able to devise a solution when faced with a problem. Learning that has not triggered the students' critical-thinking skills resulted in students only memorizing the material. By considering these problems, education should be able to develop students' critical-thinking skills as the basis and purpose of today's educational approaches (Barell, 2003). To solve the problems, we can use learning models that can actively involve students and develop thinking skills. One appropriate learning model is the problem-based learning. Problem-based learning is a learning model that actively involves students to deal with authentic and meaningful problems for them by investigating facts in order to obtain knowledge and concepts from the subject matter (Arends, 1997; Fakhriyah, 2014; Anazifa & Djukri, 2017).  The use of PBL in learning helps students build their own solutions to the problems presented in order to get effective experience, long-term memory knowledge and thinking skills through inquiry (Birgili, 2015). Simamora et al. (2017) and Shishigu et al. (2018) formulate the PBL learning steps, namely problem orientation, organizing students with assignments related to the problem, experiments or investigations, work presentations, and analyzing and evaluating problem-solving processes. Shaer & Gaber (2014) state that there is a significant increase in students’ critical-thinking skills before and after the use of PBL. This is supported by several researches such as of Sada et al. (2016), Hussin et al. (2019), and Carbogim et al. (2017), concluding that the use of problem-based learning can improve students' critical-thinking skills. In addition to the learning model, the instructional media can also be used to improve the quality of learning. Omenge (2016) and Man (2011) mention that the learning media is effective to convey and help students understand the learning material. The learning media used in this research are multimedia and picture media. Multimedia is a combination of various types of digital media such as texts, images, sounds and videos into interactive applications or presentations by presenting verbal and non-verbal information to students (Molinaa et al., 2018; Almara'beh et al., 2015). Multimedia can provide complex multi-sensory learning experiences, present well-structured information, encourage active information processing, and increase students’ motivations (Surjono, 2015; Singh, 2003; and Gilakjani, 2012). As according to Wright (1997) and Scheiter and Eitel (2015), the picture media is not only part of the teaching method, but it is also a representation of places, objects, people, etc, which is an important part of the student's overall learning experience. Shabiralyani et al. (2015) explains the advantages of the picture media that include (1) helping maintain the concept permanently, (2) providing a complete example for conceptual thinking, (3) creating an attractive environment, and (4) giving direct experience to students. The use of learning media to optimize learning is also influenced by the characteristics of the students themselves. Some of the characteristics of students that influence the use of media 
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in teaching and learning are learning motivation and learning styles. Maslow (1994) and Donker 
et al. (2014) states that motivation is a drive or need with various uses of strategies to achieve goals. Learning motivation affects not only the student’s academic achievement, but also the conceptual understanding, thinking skills, satisfaction with school, self-esteem, social life adjustments, and school graduation rates (Alexandrya & Nancy, 2012). Dincer (2020) suggest that the motivational aspects revealed include attention, relevance, confidence, and satisfaction.  The attention dimension means students’ attention can increase their curiosity and interest in learning the material. The relevance dimension represents students 'expectations and needs as well as views on the importance of learning outcomes. The confidence dimension helps students improve learning success by emphasizing the development of positive attitudes. The satisfaction dimension shows the relationship between students’ expectations and learning outcomes (Keller, 2010; Dincer, 2020). According to Riswanto & Aryani (2017) and Tasiwan et al.  (2014), learning motivation affects students’ endurance in learning, willingness to try to understand the material and increases students’ activity in developing their thinking skills. Thus, it can be concluded that learning motivation plays an important role as an internal aspect of students that has the most influence on students in maintaining learning achievement. This is supported by the research of Dehghani et al. (2011), Cholisoh et al. (2015), and Nugraha et al. (2017), stating that learning motivation influences students' thinking skills. The internal characteristic of the student that also influences the learning process is the learning style. This corresponds to the opinion of Chen et al. (2015) and Cimermanova (2018) stating that learning styles are the factor that influences the success of the learning process. Learning styles are the characteristics of students that determine the process of selecting methods, techniques, and learning strategies (Awla, 2014). Learning styles are the characteristic of an individual's tendency to adopt strategies in receiving, collecting, organizing, and processing information in the learning process (Moffyza et al., 2014; Myers & Dyer, 2006; and Prashnig, 1998). DePorter et al. (2007), known as an expert in the development of the learning method based on learning styles, suggest three types of learning styles, including (1) visual learners who rely on the sense of sight, (2) auditory learners who maximize the use of the sense of hearing, and (3) kinesthetic learners who always use and utilize their limbs in the learning process. In addition, Awla (2014) describes other types of learning styles such as intuitive-sensing, global-analytic, active-reflective, and individual-group preferences. Gilakjani (2012) and Moussa (2014) state the advantages of identifying learning styles include finding ideal learning ways to get good learning outcomes, reducing stress levels, optimizing students’ thinking skills, strengthening students' innate skills, and increasing learning motivation. Several researches such as done by Cimermanova (2018), Siripoulus & Pomonis (2007), Suliman (2006), and Nurbaeti et al. (2015) conclude that there is a positive effect of learning styles on students' critical-thinking skills.  Based on the above background, the research entitled The Effect of Problem-Based Learning 
Multimedia and Picture Media on Critical-Thinking Skills Viewed from Students’ Learning 
Motivations and Learning Styles. The problems of this research are formulated as follows: (1) does the problem-based learning media have an effect on critical-thinking skills?; (2) does the learning motivation have an effect on critical-thinking skills?; (3) do learning styles have an effect on critical-thinking skills?; and (4) is there any interaction between research variables on critical-thinking skills? 
METHODS 
Research Design This research is a quasi-experiment. The advantage of this pseudo-experimental design is that it allows for the random assignment to the groups to be treated, as well as is suitable for social science research (Fraenkel, et al., 2012). This research was conducted in 10 public elementary schools in the city of Surakarta, Indonesia. This research was conducted in the odd semester of the 2019/2020 academic year. This experimental activity was carried out in March and December 2019. 
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5 classes were made as the experimental class I subjected to the treatment in the form of using PBL-based multimedia, while 5 other classes were made as the experimental class II subjected to treatment in the form of PBL-based picture media in thematic learning. The steps for PBL-based learning media implementation are as follows: (1) problem orientation carried out by the PBL media display and questions and answers that can prioritize student activity; (2) students look for information in various sources of information that they have to answer questions raised during the problem orientation; (3) students investigate and discuss the answers to each question; (4) they write the answers and present them in front of the class; (5) students and teachers jointly respond to the results of the discussion, correct the mistakes, and confirm the truth of the results of the discussion followed by the PBL media display to confirm as well as summarize the learning material delivered. The treatment is given in 6 times of learning from 18 learnings in one theme.  The independent variable in this research is the use of picture media and multimedia based on PBL in learning and the moderating variables are the student’s learning motivation and learning style, while the dependent variable is critical-thinking skills. Students’ learning motivations are divided into high and low learning motivations, students’ learning styles are divided into visual and auditory learning styles, and the use of instructional media is divided into picture media and multimedia media in problem-based learning. The measurement of students' critical-thinking skills is done before the treatment and after all the treatments are complete. Furthermore, students' learning motivations and learning styles are determined from the results of filling in the questionnaire carried out simultaneously after the third treatment is completed. In order to help find out the relationships between variables, this study used three-way Anova with 2x2x2 factorial design, which is presented in the Table 1. 
Table 1. 2x2x2 Factorial design 
Variable PBL Learning Media (A) Picture         (A1) Multimedia (A2) 
Learning Motivation (B) High (B1) A1 B1 A2 B1 Low (B2) A1 B2 A2 B2 
Learning Style (C) Visual (C1) A1 C1 A2 C1 Auditory (C2) A1 C2 A2 C2  
Research Sample The population in this research were all fifth-grade students of the public elementary schools in the city of Surakarta, totaling 1800 students. The steps of the stratified cluster random sampling technique include (1) grouping public elementary schools in Jebres district into high, medium, and low groups based on the ranking of national examination results in the last three years, (2) determining the schools randomly, 3 schools from the high group, 4 from the moderate group, and 3 from the low group, (3) assigning the fifth-grade students in five elementary schools into the experimental group I and the same number into the experimental group II (Taherdoost, 2016) with the aim of representing all elementary school students both in high, medium and low performing schools. The representative sampling was done using the table to determine the number of samples with Isaac and Michael's formula (Sugiyono, 2014) with a significance level of 1%, 5%, and 10% as shown in Table 2 below. 
 Table 2. Table of sampling by Isaac and Michael 
N s 1% 5% 10% 1800 485 292 235  
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This research uses a significance level of 5%. Based on Table 2 above, a minimum sample of 292 students was obtained. 301 samples of fifth-grade students who were grouped into the experimental classes I and II were involved in this research. 
Data Collection Technique and Research Instrument The data collection techniques included test and non-test techniques. The test takes the form of an open essay test in accordance with the material and basic competencies specified. The non-test technique included the learning motivation and learning style questionnaires. Based on the variables to be examined, the research instruments used in this research consisted of learning implementation and data collection instruments.  The learning implementation instrument consists of a syllabus and lesson plan that refer to the 2013 curriculum of elementary schools in the 2019/2020 academic year. Meanwhile, the data collection instruments consisted of the CTS test instrument and the learning motivation and learning style questionnaires.  The critical-thinking-skill test instrument consisted of 6 pretest questions on theme 1 and 8 posttest questions on theme 2. The learning motivation questionnaire consists of 34 statements with the answer choices of strongly disagree/never, disagree/very rarely, I don’t know/sometimes, agree/often, and strongly agree/very often. The scores for positive statements are 1, 2, 3, 4, 5.  The learning style questionnaire was adapted from DePorter’s (2007) questionnaire. The learning style data were also obtained from the learning style questionnaire by giving a tick on the answer choice i.e. never/no, rarely/sometimes, often and always/yes. Positive learning style statements are scored 1, 2, 3 and 4, respectively. The overall score is totaled and then categorized according to the tendency of students, namely visual or auditory learning styles, with a higher reference score indicating the tendency of students in these learning styles. 
Validity and Reliability Based on the results of the calculation of validity with a significance of 5%, 6 pretest questions and 8 posttest questions of the critical-thinking-skill test questions were found valid. The reliability test score of all the test items is 0.765 with a high category. Furthermore, based on the validity test of the learning motivation questionnaire, 24 statements were valid and 10 invalid while the reliability test yielded that all the questionnaires are highly reliable. The result of the learning style questionnaire validity test stated 15 statements were valid and the questionnaires were reliable based on the reliability test. 
Data Analysis Technique  The analysis prerequisite tests of normality and homogeneity were carried out prior to the correlative analysis. The Kolmogorov Smirnov’s normality test and the Barlett’s homogeneity test were used. For the balance test, it was carried out using the t test. The normality test was used to find out the random sample data from the normally-distributed population. The results of the normality test can be described in the Table 3. Table 3 shows that the p-value of critical-thinking skills for the groups of all criteria is greater than 0.05, so H0 is accepted. Then, it can be concluded that the data are normally distributed. Then, the homogeneity test was used to determine the variances of a number of homogeneous or inhomogeneous data. The results of the homogeneity test can be described in the following Table 4.      
1802 | FAJARI, SARWANTO & CHUMDARI                                   The effect of problem-based learning multimedia and picture media... 
 
Table 3. Result of normality test 
No. Group Criteria p-value Sig. 1. Picture Media 0.300. > 0.05 2. Multimedia 0.311. > 0.05 3. High learning motivation 0.950. > 0.05 4. Low learning motivation 0.465. > 0.05 5. Visual learning style 0.055. > 0.05 6. Auditory learning style 0.410. > 0.05 7. Picture, * High learning motivation, * Visual learning style 0.600. > 0.05 8. Picture, * High learning motivation, * Auditory learning style 0.847. > 0.05 9. Picture, * Low learning motivation, * Visual learning style 0.841. > 0.05 10. Picture, * Low learning motivation, * Auditory learning style 0.785. > 0.05 11. Multimedia, * High learning motivation, * Visual learning style 0.401. > 0.05 12. Multimedia, * High learning motivation, * Auditory learning style 0.937. > 0.05 13. Multimedia, * Low learning motivation, * Visual learning style 0.897. > 0.05 14. Multimedia, * Low learning motivation, * Auditory learning style 0.915. > 0.05  
Table 4. Result of homogeneity test 
No. Group Criteria p-value Sig. 1. Critical thinking skills picture media and multimedia 0.881 > 0.05 2. Critical-thinking skills of high and low learning motivation groups 0.115 > 0.05 3. Critical-thinking skills of visual and auditory learning style groups 0.076 > 0.05 4. Critical thinking skills, media and motivation 0.260 > 0.05 5. Critical thinking skills, media and learning styles 0.206 > 0.05 6. Critical thinking skills, learning motivation and learning styles 0.337 > 0.05 7. Critical thinking skills, media, learning motivation and learning styles 0.053 > 0.05  Table 4 shows that the p-value of critical-thinking skills for the groups of all criteria is greater than 0.05, so H0 is accepted. Then, it can be concluded that the data are homogeneous. Furthermore, the balance test was performed to find out whether sample data have the same ability or are in a balanced state. The results of the balance test calculation can be seen in Table 5. 
Table 5.  Result of balance test 
 Levene’s Test for Equality of Variant t-Test for Equality of Means 
F Sig. t df Sig. (2-tailed) Mean Std. 
Critical Assumed variant 0.023 0.881. 1.317 299 0.189 2.548 1.934 Not assumed variant   1.316 295.849 0.189 2.548 1.936  The Sig. value from the Levene's Test for Equality of Variance in the equal variances assumed in Table 5 is 0.881 > 0.05, meaning that the data variance between the picture media and multimedia classes is the same. The Sig. value (2-tailed) id 0.189 > 0.05, then the H0 is accepted. Thus, it can be concluded that the picture media and multimedia classes have the same critical-thinking skills. The hypothesis testing in this research uses the three-way Anova with 2x2x2 factorial design formula. The purpose of this analysis is to examine the effect of independent variables on the dependent variable. Hypothesis testing was carried out with the following steps: (1) determining the research hypothesis; (2) establishing the test statistical method; (3) determining the level of significance; (4) determining the test decision; and (5) comparing the mean of the hypothesis with H0 rejected. 
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RESULTS 
Pretest and Posttest Data on Critical-Thinking Skills The critical-thinking skills data were obtained from the tests on students at the beginning of the meeting before the treatment (pretest) and at the end of the meeting after the treatment (posttest) in each class. The details of the pretest and posttest data of students' critical-thinking skills can be seen in the Table 6. 
Table 6. Data description of pretest and posttest of critical-thinking skills  
Data Experimental Class N Max Min Mean Std. Deviation Pretest Picture 156 95 25 58.05 16.22 Multimedia 145 92 25 64.55 15.23 Posttest Picture  156 97 25 66.13 16.52 Multimedia 145 100 25 68.68 17.02  Based on Table 6, after the teaching and learning process using the picture media and multimedia, it was obtained that the average critical-thinking skills of students after the treatment are higher than before treatment. In this research, the learning motivation data are obtained from the questionnaire data. The criteria for high and low motivation data are determined based on the mean score obtained from all samples. The description of the data on the student’s motivation are presented in the Table 7. 
Table 7. Data description of learning motivation  
Learning 
Motivation 
Picture Media Mean Std. Deviation 
Multimedia Mean Std. Deviation N % N % High 95 60.90 72.44 13.83 96 66.44 72.49 16.12 Low 61 39.10 56.43 15.64 49 33.56 61.92 17.70 Total 156 100 66.13 16.48 145 100 68.68 17.22  Based on the description of the learning motivation data in Table 7 above, it was found that the multimedia class has more frequency of students with high learning motivation than those with low learning motivation. The student’s learning style data were obtained before the treatment in the teaching and learning process through the visual, auditory, and kinesthetic learning style questionnaires. The data used in this research are visual and auditory learning style data. The distribution of the learning styles obtained is shown in the Table 8. 
Table 8. Data description of learning style  
Learning Style Picture Media Mean Std. Deviation 
Multimedia Mean Std. Deviation N % N % Visual 95 60.90 71.01 14.73 99 68.28 71.15 15.59 Auditory 61 39.10 58.52 16.38 46 31.72 63.71 18.90 Total 156 100 66.13 16.52 145 100 68.83 16.98  The description of learning style data in Table 8 informs that 95 students of the picture media class have visual learning styles and 61 students have auditory learning styles, while in the multimedia class there are 99 students with visual learning styles and 46 students with auditory learning styles. 
Result of Hypothesis Test Based on the normality, homogeneity and balance tests, we can see that the analysis prerequisites have been fulfilled. Furthermore, the data obtained were analyzed with SPSS 21 using the General Linear Model with a 2x2x2 variance analysis of unequal cells. The hypothesis acceptance criteria are if the p-value > 0.05, then H0 is accepted and vice versa, if the p-value ≤ 0.05, then H0 is 
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rejected. The results of the three-way Anova hypothesis test in detail can be seen in the following Table 9. 
Table 9. Summary of three-way Anova test 
Variable df Mean Square F p-value Decision Learning Media 1. 103.637. 0.463. 0.497. H0 is accepted Learning Motivation 1. 9771.400. 43.686. 0.000. H0 is rejected Learning Style 1. 3822.476. 17.090. 0.000. H0 is rejected Learning Media * Learning Motivation 1. 184.094. 0.823. 0.365. H0 is accepted Learning Media * Learning Style 1. 59.139. 0.264. 0.608. H0 is accepted Motivation * Style 1. 64.005. 0.286. 0.593. H0 is accepted Learning Media * Learning Motivation  * Learning Style 1. 364.278. 1.629. 0.203. H0 is accepted  Table 9 only shows hypotheses 2 and 3 that have a test decision with H0 rejected. Then, the Anova test needs to be carried out by comparing the mean on the estimated marginal means. In hypothesis 2, the test decision is H0 accepted, so high and low learning motivations have an effect on critical-thinking skills achieved by the students. The comparison of the mean scores of the variables in the second hypothesis can be seen in detail in the following Table 10. 
Table 10. Result of comparison of second-hypothesis mean 
Learning Motivation Mean Error Std. 95% Confidence Interval Lower Limit Upper Limit High Motivation 71.181 1.189 68.841 73.521 Low Motivation 58.637 1.479 55.725 61.548   Table 10 shows that the average scores of critical-thinking skills of students with high learning motivation are higher than of those with low learning motivation. In the third hypothesis, the test decision is H0 rejected, which means there is an effect of visual and auditory learning styles on the critical-thinking skills achieved by the students. The comparison of the mean scores of the variables in the third hypothesis can be seen in detail in the following Table 11. 
Table 11. Result of comparison of third-hypothesis mean 
Learning Style Mean Error Std. 95% Confidence Interval Lower Limit Upper Limit Visual 68.832. 1.170. 66.529. 71.134. Auditory 60.986. 1.494. 58.045. 63.927.  Table 11 shows the average scores of critical-thinking skills of students with visual learning styles are higher than of those with auditory learning styles. The interaction between research variables can be understood by comparing the mean in each experimental class, the level of learning motivation and each type of learning style in the following Table 12. 
Table 12. Comparison of means of critical-thinking skills for each research variable 
Variable Learning Media (A) Picture Media (A1) Multimedia (A2) 
Learning 
Motivation 
High 72.56. 72.60. Low 56.43. 60.98. 
Learning Style 
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DISCUSSION and CONCLUSIONS 
The Effect of the Use of Learning Media on Critical-Thinking Skills Based on Table 9, the results of the analysis of the variance of the General Linear Model, the p-
value of 0.497 is greater than the significance level (α = 0.05), which means that H0 is accepted or H1 is rejected. This shows that there is no effect of learning media on critical-thinking skills, so it is not in accordance with what the researcher expects that the learning media influences critical-thinking skills. The results of this hypothesis can be understood, seen from the average scores of critical-thinking skills between multimedia classes (mean = 68.68) and picture media classes 
(mean = 66.13), which are almost the same.  Several factors cause the lack of effect of learning media on students' critical-thinking skills, namely the use of multimedia that is still unfamiliar to the students and the not-optimal mastery of teachers to operate multimedia. Multimedia facilities such as LCD projectors in elementary schools are not yet complete. The multimedia display in this research was done classically, not per group. This results in the absence of student activities to operate the multimedia. In fact, the higher the learning activities of students are, the more experience they will gain in building their own knowledge. This is in line with Paolini’s opinion (2015), which states that higher learning activities of students will lead to the greater chance of success in learning. This is supported by the research of Wibowo (2016), Rahmat (2016) and Amalia & Pujiastuti (2016) which state that critical-thinking skills are formed through students’ learning experiences themselves such as the experience of trying. On the other hand, in the picture media experimental classes, the use of media is already maximal. Each group gets 3-4 supporting high-definition pictures printed in A3 size, so the students can observe over and over. This is also in line with the opinion of Moeller et al. (2013) stating that the use of pictures in elementary school will build creative and critical-thinking skills because they are easily understood, accessible, and relevant to several types of students' thinking. Kleckova (2016) also suggests that giving pictures to students to learn help them to build critical-thinking skills through visual literacy. When viewed from the mean difference, students in the multimedia experimental class obtain a higher critical-thinking-skill score than the students of the picture-media class. However, the slight mean difference cannot be interpreted that the use of multimedia is better than picture media. This is why the first hypothesis is incompatible, namely the use of multimedia is better than the use of the picture media of students' critical-thinking skills. The absence of the effect of learning media on students' critical-thinking skills is contrary to the results of the research by Hammadi (2010) which states that the class taught using multimedia is more critical than without multimedia. Furthermore, Sari & Sugoyarto (2015) also concluded that there is a positive influence of the use of problem-based multimedia on students' critical-thinking skills because students who take part in learning using problem-based multimedia have better inference and assumption skills than control-class students. The results of this research are not in line with Cleveland's (2015) research concluding that the classes taught using multimedia/picture media are more critical than those without learning media. 
The Effect of the Use of Learning Motivation on Critical-Thinking Skills The test results for the second hypothesis shown in Table 9 obtained a p-value of 0.000 less than 
the significance level (α = 0.05), which means that H0 is rejected or H1 is accepted. This shows that there high and low learning motivations influence students' critical-thinking skills. Based on the results of the mean analysis of critical-thinking skills in Table 10, the students with high learning motivation have an average score of 71.181, while the average score of the low learning-motivation students is only 58.637. There is a very significant difference in the mean scores of students.  The students with high learning motivation on average have active activities in the learning process. They often ask questions about unclear materials, dominate group discussions, are confident in presenting assignments, and are active in answering the teacher’s questions. This is in line with the opinions of Alexandrya & Nancy (2012) that the high learning motivation has an 
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effect on not only student’s academic achievement, but also conceptual understanding, thinking skills, satisfaction with school, self-esteem, adjustment to social life, as well as school graduation rates. Riswanto & Aryani (2017) also state that students who are motivated to learn something will use high cognitive processes in learning the material so that they can absorb the material better. This is because learning motivation can affect students’ endurance in learning, their willingness to try to understand the material, and increase their activities in developing their thinking skills (Tasiwan, et al., 2014). Meanwhile, the students with low motivations tend to be less active in learning, more silent in discussions and trust their group assignments on their friends. This leads to the lack of learning experience which results in the critical thinking skills of students that do not develop. This fact is supported by the opinion of Worrel & Stilwell which states that students with low learning motivations are less responsible for the tasks they do, have low concentration, are not diligent and give up easily (TWI2050, 2018).  In the learning process using picture and multimedia media based on problem-based learning, students are required to have high motivation because this learning process is a student-centered. Therefore, students who have high learning motivation obtain higher critical-thinking-skill than those with low motivation. The results of this research are in line with those of Dehghani 
et al. (2011) stating that self-efficacy which is part of learning motivation must be considered in developing students' critical-thinking skills. Cholisoh et al. (2015) also concluded that learning motivation influences students' critical-thinking skills by 64%. This finding is backed by the research of Nugraha et al. (2017), which found that learning motivation affects critical-thinking skills by 94.5%, so students with high learning motivations have high critical-thinking skills, students with moderate motivations have moderate critical-thinking skills, and those with low learning motivations have low critical-thinking skills. 
The Effect of the Use of Learning Styles on Critical-Thinking Skills The results of the General Linear Model (GLM) analysis for the third hypothesis shown in Table 9 obtained a p-value of 0.000 less than the significance level (α = 0.05), which means that H0 is rejected or H1 is accepted. This shows that there is an effect of visual and auditory learning styles on students' critical-thinking skills. A comparison of the mean of each learning style in Table 11 shows a significant difference. The mean of critical-thinking skills in students with the visual learning style is 68.832 greater than that in the students with the auditory learning style, which is 60.986. This research uses picture and multimedia media as a treatment in learning and both are the learning media that can facilitate students with visual learning styles. The two media contain visual elements in the display. For auditory learning style students, they are only facilitated by the audio on multimedia. Meanwhile, the facilitation of the students’ learning styles impacts the absorption of the material as a provision for developing students' critical-thinking skills (Halim, 2012). This causes the critical-thinking skill mean score of the visual style students is higher than that of the auditory style students. This opinion is in line with the results of the research by Gilakjani (2012) which concludes that multimedia is more suitable to be applied to visual than auditory students, so visual students have better academic performance. This proves that the identification of learning styles that have been done and assisted with the selection of appropriate learning media can improve students' thinking skills (Moussa, 2014). The results of this research are consistent with the research hypothesis that visual students have higher critical-thinking skills than auditory students. The results of this research correspond to the research of Suliman (2006) which shows that learning styles are coorrelated with the different levels of critical-thinking skills (high, medium, and low). This is supported by the research results of Nurbaeti et al. (2015) concluding that there is 11.1% positive influence of learning styles on students' critical-thinking skills. However, this finding contradicts the research results of Myers & Dyer (2006) which conclude that there are no differences in students' critical-thinking skills based on their learning styles and Dilekli's research (2017) stating there are no significant differences between the variables of learning styles and critical-thinking skills. Thus, learning styles have no effect on critical-thinking skills.  
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The Interaction between Learning Media, Learning Motivation, and Learning Styles on 
Critical-Thinking Skills Based on the results of the three-way Anova in Table 9, there is no interaction between the learning media and learning motivation on critical thinking skills. Table 12 shows that the mean score of multimedia class students with high learning motivations is 72.604 while of those with low motivations is 60.980. The mean score of the picture media class students with high learning motivations is 72.558 while of those with low learning motivations is 56.426. We can conclude that in each experimental class, the students with high learning motivations always get a higher score of critical-thinking skills than those with low learning motivations. This is in line with the research of Alexandrya & Nancy (2012) which states that if students are not motivated in learning, it will be difficult to improve their academic achievements no matter how professional the teacher, the learning media, the curriculum and even the school are. The results of this hypothesis test are supported by the research results of Musakkir (2015) and Desita (2015) stating that neither learning media nor learning motivations will influence students’ academic achievements. It is different from the statement of Lin et al. (2017) that learning motivation has a significantly positive effect on the learning process using media and has an impact on the students’ learning outcomes. Table 9 also shows that there is no interaction between learning media and learning styles on the students' critical-thinking skills. Based on the mean score analysis in Table 11, the average score of students in the multimedia class with the visual learning style is 71.15 while the auditory learning style students obtain 63.35. On the other hand, the mean score of students in the picture media class with visual learning styles is 71.01 while the mean score of the auditory learning style students is 58.84. Therefore, in each experimental class, visual students always get a higher score of critical-thinking skills than auditory students. The results of the hypothesis test of this research contradict the research results of Agustina & Sitompul (2015) and Rahmawati & Baharuddin (2016) which conclude that there is an interaction between the use of instructional media and visual and auditory learning styles on the students’ learning activities that influence their achievements. Furthermore, the results of the hypothesis test in Table 9 show that there is no interaction between the learning motivation and learning styles on critical-thinking skills. At each level of learning motivations, visual students always get higher scores than auditory students. Conversely, in each type of learning styles, students with high learning motivations always get higher scores than low learning motivation students.  The results of this hypothesis test are supported by the research results of Nurhidayah (2015) which conclude that there is no interaction between high, medium, and low learning motivations and visual, auditory, and kinesthetic learning styles on students’ achievements. On the other hand, the results of this research contradict the Permana’s research (2016) which conclude that the interaction of the learning style with learning motivations has an effect on students' scientific learning skills. Based on Table 9, the information obtained shows that there is no interaction between learning media, learning motivation and learning styles on students' critical-thinking skills. Therefore, it can be summed up that there is no interaction of the external and internal environment of students with critical-thinking skills. The results of this hypothesis test contradict Piaget’s (1964) which states that cognitive development is formed through constant interactions between the individual and his environment so that two processes occur.  Based on the results of the hypothesis test using three-way Anova, elaborated in the results and discussion, the learning media has no effect on critical-thinking skills. Multimedia and picture media are both effective for improving students' critical-thinking skills. The hypothesis test results indicate no effect of the learning motivation on the students’ critical-thinking skills. The high learning-motivation students have better critical-thinking skills compared to those with low learning motivation. Further, learning styles have an effect on critical-thinking skills. Visual students have better critical-thinking skills than auditory students. It can be concluded that there 
1808 | FAJARI, SARWANTO & CHUMDARI                                   The effect of problem-based learning multimedia and picture media... 
 
is a partial effect of each research variable on the critical-thinking skills, but not strong enough to form the interaction between variables.  Based on the conclusion above, the researcher formulates several recommendations for teachers, schools, and future researchers. Teachers should use the interesting and effective learning media in presenting materials to students, so they can be more interested in learning, more active, and the learning becomes more meaningful and the students obtain maximum results. In addition, the teacher must pay attention to the level of learning motivations and the type of the learning style of each student to better determine the appropriate learning strategy. Schools should provide the facilities and infrastructure needed to support learning activities and teachers to participate actively in activities that increase their knowledge about learning and innovative learning media development. Future researchers are expected be able to develop the research for other variables such as cognitive styles, learning activities, creative-thinking skills, problem-solving skills, or other variables that require active, meaningful and enjoyable learning. In addition, they can also study other more up-to-date learning media such as augmented reality multimedia and several applications on smartphones.  
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